PROGRAM ABSTRACTS/ALGORITHMS

Programming in FORTRAN
The computer system on which the following procedures were developed comprises a HewlettPackard 2114B minicomputer with 8K main memory (16-bit word length), a paper-tape reader, a paper-tape punch, an ASR 33 Teletypewriter, and an ADDS Consul 520 visual display unit. The process-control hardware comprises a clock (a time-base generator, TBG), a reed-relay output, and a switch-sense input.
In the interests of readability, certain of the syntactic features of FORTRAN are ignored in this paper. In particular, all variables are of type INTEGER.
Definition of Variables. The FORTRAN main program uses three variables: TIME, RELAY, and SWITCH. TIME contains the current time; its value is incremented by 1 every 10 msec by the assembler routine, TIMER, which is described below. TIME is thus a counter of hundredths of a second; its maximum value is 327.67 sec. RELAY contains the desired pattern of reed-relay settings. Each bit in the word corresponds to a relay such that 0"" off and 1 es on. For example, to turn Relay 3 on, the 3rd bit of RELAY must be 1; this is achieved by the statement RELAY =4 in the program (decimal 4 = 100 in binary). SWITCH contains the pattern of the switch settings in the laboratory. Each bit of SWITCH is 0 or I, depending upon the off/on state of the corresponding switch. For example, a response key might be connected to Switch 5; when closed, SWITCH will assume a value of 16 (decimal 16"" 10,000 in binary). The use of these variables and the techniques of programming on-line experiments are illustrated in the following example.
Example. A program fragment that will measure the reaction time of a subject to a light may be constructed as follows. Assuming that no other switch closures are expected except that of the response key, and that the light is connected to Relay 3, the reaction time (R T) may be found as follows. Many articles and reports have been written on the details of desirable software for on-line real-time control of experiments. Certain minimum functions need to be programmed in assembler, and certain time-critical experiments may also need to be written in assembler. Thereafter, however, a wide variety of control languages has been proposed for use in the psychological laboratory, including ACT (Millenson , 1971) , APCOL (Pinkus & Gregg, 1973) , CANA (Durell, 1972) , DTES (Spear, Overgard, & Christian, 1975) , EMPP (Burkhardt, 1975) , FOCLAB (Mullen, 1976) , HECL (Doll, 1972) , PACER (Henry, 1976) , PEPL (Getty, 1975) , PROSS (Scholz, 1973) , PSYCHOL (Mclean, 1969) , PSYCLE (Creelman, 1971) , SCAT (Polson, 1973) , SIMPLE (Aaronson & Brauth, 1972) , SKED (Snapper, 1975), and SP-12 (Pitz, 1975) . Some experimenters have, on the other hand, directed their efforts toward the use of already existing computer languages as vehicles for experimental control: BASIC, FOCAL (e.g., Link, 1975) , and FORTRAN (Haber, Barry, & Uhlman, 1970; Kaplan, 1977) .
In general, formal terms, a special-purpose control language is better suited to its domain of convenience than is a general-purpose language. The presumed deficiencies of a general-purpose language such as FORTRAN have been the motivating factors behind the creation of many of the languages mentioned above.
There is, in practical terms, very little to be gained, and perhaps much effort to be wasted, in the creation of a special-purpose process-control language when a FORTRAN compiler is already available (which includes the COMMON and CALL statements). My remarks are primarily directed toward the single-user computer system; timeshared, multiuser, or multisubject systems do require special operating systems. Even in these situations, however, modification of the following techniques, along the lines of Kaplan (1977) , allows the use of FORTRAN with no loss of adequacy. The advantages of the techniques illustrated in the above example are that total control over the laboratory environment may be achieved through the use of only three variables, and this control may be exercised entirely within the FORTRAN program to virtually any degree of complexity. The user does not need special function calls or transfer of control to other subroutines, and the mechanism by which the process-control functions are carried out is entirely transparent.
Mechanism of Process-Control Functions
The three process-control functions are controlled by a transparent assembler program, which, once written, does not need modification for every FORTRAN program. The assembler routine, called TIMER, is activated by the hardware clock every 10 msec via the interrupt system. The clock or TBG generates an interrupt, and control is immediately passed to TIMER at the end of every 10-msec time period. TIMER then performs the three functions: The value of TIME is incremented by I, the data word in RELAY is transmitted to the reed-relay output interface board, and the data word from the switch-sense input interface board is placed in SWITCH. TIMER then returns control to wherever the interrupt occurred.
This mechanism is quite independent of any other I/O that might occur and of the I/O software that is used by the FORTRAN program. The requirements are simply that (l) a hardware clock be able to (2) generate an I/O interrupt that is (3) vectored with (4) the highest priority to the TIMER interrupt handler, where (5) the state of the switches in the environment may be sensed, and (6) the state of the relays may be modified.
The Hewlett-Packard programmable TBG provides intervals of 100 microsec, 1 msec, 10 msec, ... , up to 1,000 sec; such flexibility is useful but not essential to the main concepts involved. The 10-msec interval has been chosen as the most useful for most applications; it involves an overhead of about 50 micro sec in the TIMER interrupt handler, less than I %of available computer time.
The TIMER Routine. The program listing of the routine is given in Figure I . The TIMER communicates with the FORTRAN main program via the COMMON statement, where the addresses of TIME, RELAY, and SWITCH are established. The routine is called only once at the start of the main program; the initiator section of TIMER then starts the clock running, sets up the interrupt linkage so that the clock interrupt will be properly vectored to the interrupt handler section, and returns control to the FORTRAN program, where no further action need be taken. The interrupt handler section is then activated every 10 rnsec: The clock is restarted to time the next 10-msec interval,
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the contents of RELAY are transmitted to the reedrelay output interface, the switch-sense input interface is interrogated and its data word is placed in SWITCH, and the value of TIME is incremented by 1.
